Abstract: Tuning range, side-mode suppression, line width, and intensity noise are reviewed for an all-fiber erbium ring laser. Active stabilization to an external fiber Fabry-Perot resonator is demonstrated.
Lasers employing rare-earth doped fiber amplifiers have received a considerable amount of attention in recent years. We consider a subset of this growing class of devices: single frequency, all-fiber lasers based on erbium fiber amplifiers. During the last two years, considerable progress has been made in this specific device class. Three research groups, including our own, have reported devices that exhibit stable single frequency operation [1,2,3]. The geometry that we have demonstrated is a unidirectional ring oscillator in which isolated, tandem fiber Fabry-Perot (FFP) filters provide both tuning and mode selection. A schematic of this device showing the essential elements is presented in figure 1 . The erbium doped fiber amplifier module (EDFA), output coupler with power coupling ratio K, isolators, and both broad-band (BB) and narrow-band (NB) Recently, we have reported the first measurements of intensity noise in fiber lasers [4,5]. Using a balanced homodyne detection system, we initially measured an intensity noise floor approxipately 20 dB above the standard quantum limit (SQL) for the single frequency ring in figure 1. In a later study, however, we were able to reduce this noise floor all the way to the SQL by reconfiguring the ring and optimizing the output coupling ratio [SI.
Measurements of the single-frequency line width of this device will also be reviewed. To make these measurements we have demonstrated a new version of the delayed self heterodyne measurement in which an active recirculator is used to greatly extend the resolution of the device. The recirculator allows measurement of heterodyne line width for various amounts of temporal delay. This allows the exploration of both short term and long term contributions to line width [6] . Figure 2 shows measured line width for various amounts of temporal delay. The instrument resolution is also shown in the same plot. Long term (msec time scale) contributions to line width in this device are attributed to microphonic disturbances and put an upper bound of approximately 4 kHz on the device tested [7] .
Further improvements to this device now under way as well as applications of the device will be discussed. In particular, an actively stabilized ring laser has been demonstrated [8]. This system uses the Pound-Drever technique to lock the lasing frequency to a resonance of an external fiber Fabry-Perot etalon [9] . A schematic of the system is illustrated in figure 3 . Experiments currently underway to lock multiple ring lasers to a single fiber Fabry-Perot will also be discussed. 
